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THRFE TONE PP1

Jntroduction.

A "Three Tone PPI" is a device which peruits the simlteneous presenta~
tion on the cathode ray tube screem of a radar system' of the signals from
land return which provide the gererzl mapping of land-water boundaries and
at the same time present on the screen the sigrals which result from cltioa,
built up areess, and cther prominent targets, dimtinct from the general land
mapping, The general operstion of such e device, and also the origin of
the term "three tone PPI" may be showr by Fig. 1, Fig. la ghows diagram-
matically the indicetor presentstion cf a2 radar system in which the re-
ceiver I.F. gain control has been adjusted to e rather high value, Sig-
nals returning from water ar: so wenl thet the indicator presents them es-
sentially as "black",.while practicelly all land return signals are of such
value as to cause limiting in the recelver and are therefore presented on
the indicator tube as a more or.less wniform "white", It is true that if
.1imiting did not occur in the receiver this condition would not exist,

- but in the present state of the art it is not only necessary but very de~
sirable thet limiting does toke place in the receiver-indiecator system,
This 1s necessary because the intensity of return echces from various
types of targets veries over a widc range, HNeither the cathode ray tube
itself, nor the receiver-indicetor system in generzl are capatle of pre-
senting this wide range of return signals in their correspcnding true
values of light output cn the face of the cathcde ray tube,

Limiting in the receiver has therefore tecn almost universally adopted
in radar systems so that wesk aigrals may be presented on the indicater
without having these wesk signals completely obscurred by the stronger
echoes, It will be noted that in Fig. la nc cities or other prominent
‘targets are seen since these are iiriied at the same level as the other
land signals, Fig. 1b represents the same indication es Fig, lay but
here the receiver I.F, gain ccntrol hes been adjusted sc that on.’ly strong
signals, such as-those from cities, are preserted on the cattode ray tube,
However, ncw the general land-water mepping is lost. A rader operator
may at frequent intervele adjust the I.F. galn ccntrol to first one,
end then the other value, and thereby obtain the typea of information
shomn in both Fig, la and Fig. 1b, More often this process is regarded
as an added complicaticn for an elready bucy operetor, A "Bhree Tone"
cirocuit accomplishes the same thing contin® usly and automatically as
indicated in Fig. lec, FHere weter is "black" as before. The general
land return is indicated &s moderate 1l1lumiration of the cathode ray tube,
or "gray", The strcnges signals from cities etec., are indicated by a
greater light intensity, or "white",

A "Three Tone" indicetion may be chbtained in a muber of different
ways., However, thece mey be divided into two gencral classifications,
{1) Those in which the 1 e¢eiver-indicslor operating cornditions are per-
lodically altered from trose resulting im the "gray" of the lend-water
indication, to the conditions required for the "white" strong signal in-
dication. This class of eircults mey be terned switohing. (2) The sec~
ond classification ccnsists cf those circults in which no switching takes
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place, usually a circuit in which the signals are divided at some point in
the receiver, amplified in a different manmer, and later re-corbifed. The
redar pictureresulting from typical circuits of either classification are
almost indistinguishable from each.other as viewed on the cathode ray tube
screen,

For the remainder of thii report the conditions snd signals resulting
in the "gray" of land-water boundarias will be referred tc as "background®
signals or conditions, The sironger signals representative of cities
which are presented as "white", end the conditions resulting in their in-
diocation, are referred to as "Target" sigmals or eonditions.

2Switching" Ivpe Cirouits.

In order to obtain three tore presentation by tlis olass of oircuits
4t is necessary to chonge pericdically the operation of the receiver and
video amplifier so that for background sigrels the I.F, amplifier is op-
ersted ot a relatively high gain, while for target signals the I.F. gain
required is such lower, At the same tire it is necessary to change the
video limit level so that the background signals result in a lower value
of video output signal than do the target signals., The relationship is
given in the following tables : .

Condition Signals to be ' Video Limit
Conditiop Arplified LF, Gelp _level
1 Background High Low
2 Terget Low High . White
It is usually most desirable to switch at a rate corresponding to the
trigger repetition rate of the rador system so that for one trigger the
receiver will be in condition 1, the second trigger will be in condition
2y otc, Thus the receiver will be in conditions 1 and 2 for equal lengths
of time, and the switching will be synchroncus with the trigger repetition
rate. Unequal time division betweer the two ccnditions and non-synchron-
ous switching have both beer tried, but both are inferior. Non-synchron-
ous switching is particulearly umsatisfactory.

Typical of the switching type circuits is the ore used experirental-
1y and proposed for manufacture for the AN/APS-15A racar system. The
recsiver and video amplifier of this system before its modification for
three tone operation are shown in block diagram form in Fig. 2, The
I.F. gain ccntrol in this receiver ccnsists ot a potentiometer supplying
& variable negative bias voltege to the grids of the first two I.F, am-
plifier tubes, The video limiter is s very frequently used circuit con-
sisting of a pentode video amplifier tube (6AC7). The control grid is
at o proximately zero potertiel in relation to the cathode. The screen
grid is at a fixed positive potential, In ebcence of an input aignal,
the tube will draw a "stapnding" plate current through the plate load re-
sistor. The plate will therefore be st a negntive potertial in relation
to the plate supply voltage., A negative video signal is fed to the ocon-
trol grid from a diode second detector, This videc input signal drives
the control grid negative until at atcut «3 volts the tube is cut off,

At this point the plate potential will huve risen to the plate supply po-
tential. As the control grid becomes mcre ne;ative the input signal has
po further effect om the *be's plate poicntinl since the plate current

i8 elready zoro.
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Figure 3 shows in a combination block diagram and simplified schenatic
the a:plication of three tome eireuits to the receiver of Figure 2. A negative
trigger which occurrs at the end of each indiecator sweep is fed thru isolat-
ing di.des to the multivibrator, Although this is an 8.c. coupled circuit
which will operute at a low rate if not triggered, it operates as a scale of
two cirenits when triggered at nornal repetition rate frequencies. Negutive
Square waves of opposite rhase are fed to the grids of switch tubes V-1 and
V-2, Thus, when V-1 is conducting, V-2 is cutoff and visa versa, ihen V-1
is conducting the potential at point mA" will be determined only by V-1,

R-1 and R-2, since no current is fl,wing thru V-2 and R-3, On the other half

of the switching cyole V-2 will be conducting, and the potential at roint

"A" will be deternined only by V-2, R-3, and R-2, R-1 is the "background gain

eontrol® and R-3 is the "Target gain control®, The bias voltage at point

"A" may be adjusted during one hulf of the switching cycle by the target gain
ly of the baciground gain control setting, and likewise

during the opposite half cycle only the background gain control deternines

the bias voltage and therefore the receiver gain,

Simultaneously with the switching of the receiver I.F. gain as des-
oribed, the video limit level is changed by the ecircuits assoclated with g
switeh tube V-3, and a diode V-4 in the following manner:

The same square weve which is fed to the grid of V-1, the background
gain control switch tube, also 1s fed to the grid of V-3, During the half
evcle when V-1 and V-3 are cut off, no current will flow thru R-4 and R-5,
Thus, the diode cathode will be at the limiter tube ulate supply potential,
and if cut off by a sufficiently li.rge video signal, the plate of the limiter
tube will rise to the plete supply potential in the normal manner, During
the op osite half cycle wheu V-1 and V-3 are conducting, current will flow
thru R-4 and R-5., The cathode of the diode V-4 will be at a potential nega-
tive with respect to the plate supply, but less negative than the limiter
"standing® plate notential., The diode under these conditions is still non-
conducting, When a nagative video signal is applied to the limiter grid,
its plate potential will rise in a normal manner until the limiter plate
potential equals the potential on the cathode of the diode. At this point the

diode will conduct and effectively prevent the 1i.miter rlate from rising any
farther, are obtained, but since the

"standing® limiter plate is not changed, no undesirable square
wave pedostal is introduced in the video output signal. ‘the ratio of the am:1ler
limit level to the larger nay be adjusted by R-6 in the cathode of V-3. The
optimum ratio has been found to center around two tc one., The diode V-4 may

be a germanium crystal whose back resistance at 30 volts is at least 50,000 ohm:.
Such crystals have been successfully used in this position in a number of

three tone equipments,

Circuits similar to those describved have also avplied to the AN/ATQ-7
radar system, A modification for the AN/ATQ-13 system differs” onl’ in that
the method of I.F. gain control used in thia asrsten consists of a variable
resistor in the cathodes of the first two I.F. stages. It was necessary there-
fore to arrange the three tone switch tube circuits in order that the gain
variation square waves would be applied et the I.F, tube cathodes., However the
basic cir~uits are the same,




What is probably the first three-tone circuit, described in Radi-
ation laboratory report #91-6/24/4k by R. Sherr, employed & switching
oircuit in which only the I.F. gain wes gswitched.

e satisfactory contrast in brilliance between the target and back~
ground signal, which in tiis case would be dependent only on the in-
creased number of times the target signals excite the cathode ray. tube
screen in relation to the background signals, it was found desirable to
arrange the switeching sequence so that the terget signals were ampli-
fied for a period of about five times as long as the period in which
the background signals were emplified, This has a twofold dieedvan
tege because of the effective reduction of repetition rate for back-
ground 8 to one-sixth, (1) The detection of weak signals is
impaired by the reduced repetition ratej (2) Any tendency toward

ing due to the reletionship of the crguler velocity of the sweer
to the repetitior rate i= eggravated in direct ratio to thc effectlv
reduction in repetition rate,

. Non-synchronous systems using mechanicel relays have proved un-
satisfactory even with relays which operste as high as 400 switches per
gecond, This is in part due to beats which are cbserved on the cathode
ray tube tetween the switeching frequency and the repetition rate, or
some harmonic relationship between these two,

Nog-Switching Tyve Circuite.

Included in this classification is the "ouble I.F." system shomn
in block disgrem form in Fig. 4. Here the I.F. preamplifier output is

divided into two parts and fed through two seperete I.F. amplifiers,
te second detectors, and into two ceparate limiters.
of the two limiters ere added, and the composite signal 1s fed through
a video stage to the cathode ray tube. One charnel, which may be term=
ed the background channel, is adjusted tc a reletively high I.F. gain
and therefore limits at small values of input signals. The other
channel, which may te called the target cherrel, is adjusted to lower
I.F. gain so that it effectively does not amplify the weaker signals,
and only the stronger target signals are 14mited, The output of this
1imiter is added to the output of the backgrcund ,chennel which pro-
duced a total video voltsge about twice es great as that from the back-
ground channel alone, The exact ratio of the emplitudes of the limit-
ed background signals tc the 1imited target signals mey be changed by
an adjustment which chenges the s'anding currert in ore of the limiters
by varying its screen voltage, Thus there are two ccntrols end one ade-
Justoent which correspond in functicn exactly to the two controls and
one adjustment on the switching type circuits described previously.
The target chennel I.F. gain control is the Target Gain Ccntrol, the
Background I.F. galn ecntrol is the Background Gain Control, end the
screen voltage adjustment on one of the limiter:s ccrresponds to Rwé of
rig. 3 in function.

The I.F. input versus videc oulput of an ectual systen using these
eircuits is shom in Fig. 5. .




It should be ncted thet there is a fundamental difference in the
switching systems and the "two receiver" system. In the latter system a
composite video signal actually exists, while in the switching systems
the signals are mixed only by the persistance of the cathode ray tube
and the eye. The "two-receiver" system wes used as an attachment to an
AN/APS=15A radar system for extemsive flight tests to determine the value
of three-tone equipments, Its performance was completely satisfactory.
An attachment of this kird was aleo built for the AN/APG-13, The only
importent objection to this type is the cost in terms of number of tubes
and the complexity of the eircuits required. All of the photographs at-
tached to this report were taken on a "Two-Receiver” Three-Tone attache
ment on an AN/APS-15A system.

Another three=tone circuit of the same general type was developed
by the Bell Telephone Latoratories for the AN/APQ-13 system, In this
case the second detector has a considerable range of linear detector
output above that value of output normally required for limiting so that
it is practical to teke the unlimited second detector output, divide it
into two video amplifier channels, ore with a high gain, one with low,
and mix again in the outputs of two separate limiters. The "Target"
video amplifier is actually operated with the grid cut off in the ab-
serce cf a signal so that it amplifies only the "tops" of the stronger

signals,

St111 another eircuit in which scme developrent work was done in the
Radiation Laboratory is the "Two Limiter" method. This circuit also de-
pends on the ability of the second detector to supply e rather wide
range of linear output atove that normally required by the limiter,

This circult consists essentially of two limiter tubes in parallel, cne
ed to be sharp cutoff in the normal manner and the other effec-
tively "remote cutoff".

All of the systems described effectively have a step in the relation-
ship of input signals to the resulting light output of the cathode ray
tube., That is, the effective output incresses with increasing input up
to s certain value, remains constent for a time as the input 4s further
- 4increased, then with still greater input, increases again and finally
comes to a final limiting value, This may be seen by examinirng Fig. 5.
There have been proposed e mumber of cirecuits in which the putput sig-
nal increaces ccntinuously, though in a non-linear manmer, with in-
creasing input signal., Included in this group ic the logarithmic re-
ceiver developed by Group 61 of thc Radiation Laboratory and which pre-
dated the first "Three-Tone" attechment, Also there have been pro-
posed eircuits employirg diodes or crystals as nmon=linear elements to
operate at video frequencies and give a logarithric or other mon-lin-
ear input-output relatiorship. It is believed that nore of these have
been tried in an actual cperating radar system and no information is
available of the comperstive merits of such a device and circuits of
the type with which this report is prirarily concerned.

Results.

A large number of PPI photographs have been taken in order to ob-
tedn inforretion on the operrtion cf three-tone FPI. A few cf these
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are shomn in Figures 6 to 10, In all cases the range markers are five
mile markers.

Figs. 6 and 7 are a pair of photographs taken under the same con-
ditions with and without three tone. These two photographs show in an
exceptionally striking mamnner, not alweys so apparent under other con-
ditions of terrain and signals, the benefits which may be derived., These
two pictures are taken near Portland, Oregon. The dark line rumning ap-

tely horizontelly across the pictures is the Columbia River. The
plane's heading, as shown by marker , is slightly west of north. Fig,
6, the non-three tone picture, clearly shows the Columbia River, the
smaller Willamette river running approxiretely from south-east to north-
west where it joins the Columbia, the hills to the south-west and to
the east, but gives little indication that ar industrial arca lies be-
low the plane. Fig, 7, the three tone picture, cleerly indicates busin-
ess sections of the city of Portland at about five miles (the first
marker) and a seven o'clock position, Two Columbia river bridges are
visible at five miles and 10 o'clock, while slightly to the east is
Vancouver, Washington, site of shipyards and aluminum plants, At clos~
er range to the plane are residential areas of Partland, which give
scattered bright targets. An interesting cffect ceuses the two spokes
visible on the three tone picture, Here the generally regular street
pattern is parallel to these spokes, and buildings which would not nor-
mally show as bright targets act as a series of "corner reflectors" and
result in the spokes., This effect is noticeable to a greater or lesser
extent in all cities with a regular strect pattern. This effect also
suggests that an individuel target will or will not show as a bright
target depending on the aspect from which it is viewed. This is very
trus. In making several flights cover the M.I.T, buildings in Cambridge,
Massachusetts from different directions it was found that in the min-
ority of cases did this group of buiidings show up as bright targets.
More complex targets, such as shipyards, almost invariably show up as

Fig. 8 shows a three tone photograph of Boston, Massachusetts.
Here again the range marker is at five miles. Scuth of the plene's
position is the Charles River Basin, with three bridges showing. The
neavest bridge is the one varicusly called "Cambridge™ or "Longfellow",
The second is the Harvard Bridge, the third at the point where the
besin narrows down to the Charles River is the Cottage Farm Eridge.

At this point, on the north shore of the river, a number of warehouses
show up as bright targets. The "gray" erca, on the south-east side of
the basin surrounded by brighter areas, is the Boston Common and Pybe
14ic Gardens. To the rorth and east of the plane's position is the
Mystic River, with ceveral of its bridges.

Fig. 9 was takem over the San Francisco Bay area, The plane's
position was approximately over the Caklend end of the Sen Francisco
Oskland Bridge, The plane's heading is north-west, magnetic north,
rather than true north, is "up" on the picture. Clearly visible are
the Golden Gate, and San Framcisco Bay bridges, the runweys of the air-
fields on Terminal Island and at Alameda, the breakweter at Oakland,
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the industrial arca to the morth of Riclmond. The srall targets in the
bay are shipping. Some sea return shows at close range,

24g. 10 is of the area between Gary and Fast Chicago, Indiane,
This photograph shows clearly the contrest which may be obtained between
water, general land return, and built up areass.

Figures 11 and 12 are a pair of photographs of the Boston area
taken from a few miles north of the city. They are intended to show
the additional information provided by three-tone operation. Fig. 11
is a non-three-tone photogreph and Fig. 12 is a three-tone photograph.
The cluster of bright targets on the range marker at approximately &
two o'clock position is Lynn, Massachusetts,

The range of signals, based on a series of measurements, was
found to ocenter around & twenty d.b, difference between those signals
which would normally be termed land background and those which would
be termed "bright" under typical adjustments. )

It is believed that while a three-tone device is no cure-all for
the problems encountered on airborne radar, the additional informetion
simultanecusly presented is of distinct advantage.

Three=T Attachment for AN/APS-15A.

Fig. 13 is a complete schematic disgram of the electronic switche
ing sttachment developed for the AN/AiS-15A, This is the same circuit
shown in simplified form in Fig, 3. This attachment is intended to be
mounted at the side of the receiver in the Receiver-Indisator box.

Most of the connections are mede to the system by inserting an ad:g:.or
plug, J-2, between the receiver and the receiver's power supply cable,
The only other operations for inatallation are solderirg two wires and
the installation of the two controls, The target gain control and the
on-off switches are ganged so that the switches operate when the tar-
get gain control is first turned from an extreme counter-clockwise po-
sition. The system's I_F. gain control, "Receiver Gain®, is removed
and replaced by R-23 which then functione as the I.F. gain ecntrol for
normal operation, and as the background gain control for three-tone
operation. For normal operation, current still flows through one

side of the switch tube, V-4 but the multivibretor ie rendered inoper-
ative by cutting off the grid of the proper side. Other features will
be apparent from an examination of tlie diagram, or the simplified

diagrenm, Fig. 3.

F, N, Barry
Deocember 10, 1945




A=14278A Schematic of Electronic Switehing Attachment for AN/APS-15A,
A=144484-3 Complete Mechanicel and Wiring Diegrams for sbove,
A-14088A Earlier Miniature Tube Suitching Attachment for AN/AFS-15A.
B-13732A Superceded by A-14088A,

A=1%617A Schematic of Electronic Switching Attachment for AN/APQ=13,
B-13840A Schematic of "2nd Receiver” Attachment for AN/APQ-13,
0-13978A Power Supply for above.

%6891 Characteristics of Power Supply, Dra C-13978A.

T-5289 Simplified Schematic, Agtachment for AN ArQ=7.

X-6866A Performance Curves, 2nd Receiver Kethod for AN/APS-15A.
7-6341A Schematic of Modified Limiter System A¢tachment,

%-6917A Performance Curves for T-6341A.

B-13326A Mechanical Switching Attachmert for AN/APS-15A,

Badiatiop Lsboratory Reports.

91-6/24/4k A Radar Receiver for PPI Frescntation for Airborne
Systems" - R. Sherr, .

63-3/22/45 "Ipstallation Irstructions for Three Tone PPI Attach-
ment for APS-15A" - Britton Chance, (This is not
the same attachment for AN/APS-15A described in

this report).
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FIGURE 6 NON - THREE TONE PHOTOGRAPH, PORTLAND, OREGON
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FIGURE 7 THREE TONE PHOTOGRAPH, PORTLAND, OREGON
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FIGURE I2 BOSTON, MASS. AREA, THREE TONE PHOTOGRAPH
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ABSTRACY
Three~tone PPI is intended to overcome a limitation in the usual presentation of a

radar picture by providing one limit level for general land signals and another for
more prominent targets. This is accomplished either by time division method or by
methods which divide, separately amplify, and later mix the two classes of signals.
Hence, water is black, general land return is indicated as gray, and the stronger
signals from cities, etc., are indicated as white, which gives a composite picture in
contrasting brightness.
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ABSTRACT:

A method to overcome a limitation of a radar picture on the screen of a cathode
ray tube is described. The three-tone PPI overcomes this limitation in part by
providing two limit levels; one for general land signals, and one for the more
prominent targets. This is accomplished by either a time division method or by
methods which divide, separately amplify, and later mix the two classes of signals.
The result is a composite picture which shows general land signals and built up
areas contrasting in brightness on the cathode ray tube. The range of signals,

was found to center around twenty db difference between those signals which would
normally be termed land background and those which would be termed ‘‘bright”
under-typical adjustments,
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